Summary. The present observations of wild gorillas demonstrate that lactation has a major influence on birth spacing. The frequency of suckling declined as infants matured, from >1/h during the first year to about 1/2 h by 30\p=n-\36months when mothers usually resumed sexual cycling. In contrast, the length of suckling bouts remained relatively constant throughout lactation, averaging between 2\m=.\6and 3\m=.\2min per bout. Within infant age categories, suckling frequencies of \ m = l e \ 0 \ m = . \ 5 bouts/h were associated with mothers who had resumed cycling, whereas higher frequencies were associated with mothers who were still anoestrous. These results complement those obtained from studies of breast-feeding in humans, and support the suggestion that the frequency of suckling is a critical factor in the contraceptive effects of lactation.
Introduction
For most non-seasonally breeding mammals, lactational anovulation is a major determinant of birth spacing (Short, 1976 (Short, , 1983 Altmann et al, 1978; Loudon et al, 1983) . Although the precise mechanism is not fully understood, studies of breast-feeding in women show that suckling itself is the crucial stimulus in preventing ovulation (McNeilly & McNeilly, 1979; Howie et al, 1982; Short, 1983; Gross & Eastman, 1985) . A key factor in the process appears to be the frequency of suckling bouts which will largely determine the length of the inter-bout interval. In women, suckling fre¬ quency correlates positively with the prolactin concentrations (a reliable indicator of amenorrhoea) and negatively with concentrations of gonadal hormones in the mother (Delvoye et al, 1977 ; Konner & Worthman, 1980; Wood et al, 1985) . In addition, suckling frequency is more closely related to maternal reproductive condition than are bout length or total time suckling (Konner & Worthman, 1980) . Studies of lactation in traditional human societies that use neither contraception nor supple¬ mentary feeding have led to the conclusion that high suckling frequencies over an extended period are largely responsible for the long interbirth intervals of, for example, 44 months and 46 months among the IKung and the Gainj respectively (Konner & Worthman, 1980; Wood et al, 1985) . However, it has been suggested that maternal nutrition has a greater influence on reproduction than does suckling, and indeed, it is generally found that poorly nourished women tend to have longer interbirth intervals than do well nourished women (Frisch, 1982 (Frisch, , 1985 Ramachandran, 1985) . There is, however, little evidence that body condition per se has a direct effect on interbirth intervals (Bongaarts, 1980 (Bongaarts, , 1982 Lunn, 1985) . Rather, it appears now that this influence may operate largely through the effects of body condition on suckling activity. Hungry mothers produce hungry babies who may have to suck more often and more vigorously to obtain sufficient nourish¬ ment (Huffmann et al, 1980; Delgado et al, 1982) . This increased sucking frequency will in turn serve to suppress ovulation (Lunn, 1985) . Similar conclusions were reached in a study of red deer (Loudon et al, 1983) .
The mechanism of lactational anovulation may be a key to our understanding of variation in female fertility in primates and other mammals. However, data on how suckling activity relates to lactational anovulation comes almost entirely from studies of humans. Clearly, similar work on other species is needed, especially since interpretation of the human data is often difficult because of the many cultural influences on reproduction such as breast-feeding practices, access to infant formulae, use of contraception, or post-partum sex taboos (Ramachandran, 1985) . The great apes have reproduction schedules similar to those of women (Harcourt et al, 1980; Turin, 1980; Goodall, 1983) , and hence may be particularly relevant for interspecific comparison (Short, 1980 (Short, , 1983 .
Data on suckling frequencies in wild apes exist only for chimpanzees (Goodall, 1968; Clark, 1977) , although Fossey (1979) provided a qualitative description of weaning in wild gorillas. Furthermore, no studies on apes and very few on other primates (Nicolson, 1987; Lee, 1987) (1980, 1981) and Stewart & Harcourt (1987) .
The more detailed behavioural data on suckling were collected during field studies on social development of immature mountain gorillas. Field work was carried out during 8 and 6 months in 1974 and 1977, respectively, and during 22 months in 1981-1983 . The subjects were immature animals up to 4 years of age (here referred to as 'infants') and their mothers. Since the study was primarily concerned with the social relationships that the immature animals formed as they gained independence from their mothers, offspring < 1 year of age were not sampled consistently and so there are very few data on frequencies of suckling for this age.
During each of the study periods, two social groups were observed. In 1974 and 1977, data came from 7 infants (4 males; 3 females) and 6 mothers; and in 1981-1983 from 7 infants (3 males; 4 females) and 7 mothers. These animals provided data on suckling frequencies and durations of suckling bouts. During [1981] [1982] [1983] , additional information on bout length only was provided by 1 male and 3 female infants born into one of the groups during the study period. The results exclude mother-offspring pairs in which the mother was pregnant.
Recording techniques and analysis
Behavioural data were recorded onto check sheets divided into 30-sec intervals, with suckling bouts timed to the nearest 15 sec. All gorillas in the study groups were habituated to the presence of observers, but the degree of habituation changed from one study period to the next. In 1974 and 1977, individuals did not tolerate being followed consis¬ tently. This, combined with the very thick vegetation, precluded the use of focal animal sampling (Altmann, 1974) . Therefore, a record was kept of when infants or their mothers moved into or out of sight by using 1-min instantaneous sampling, and the social interactions of any infants in sight were recorded. The number of suckling bouts per hour was then calculated by taking the mean of daily values for all days when an infant and/or its mother were in sight for more than 1 h. Observations tended to be clumped between the hours of 10:00 and 16:00 h.
By 1981, the study groups were more habituated and data were collected using focal animal sampling plus ad-libitum recording of the occurrence of suckling bouts and their duration. Samples lasted 30 min each. No individ¬ ual was sampled more than twice in a day, and there was a minimum of 2 h between focal samples on the same animal. The order of focal animals was determined before observations began. Samples for each individual were distributed as evenly as possible among six 2-h blocks between 06:00 and 18:00 h. However, observations in the two time blocks at either end of the day were under-represented. Monthly mean frequencies form the data base.
These techniques of data collection did not allow the interval between bouts of suckling to be measured. In considering the contraceptive effects of suckling, interbout interval might be a more relevant measure than suckling frequency (see Gross & Eastman, 1985; Wood et al, 1985) . However, the distinction is important only if suckling bouts are clumped in time. In gorillas, this was not the case, as the focal observations from 1981-1983 indicate. In the period from 08:00 to 16:00 h during which 87% of observation time was concentrated, in neither study group was the distribution of observed bouts of suckling across the four 2-h blocks significantly different from the distribution of focal samples (G = (Stewart, 1977; Harcourt el al, 1980) . Pregnancy was difficult to detect throughout most of the 8-5-month gestation period (Ardito, 1976) , and concep¬ tion dates were determined by counting back 8-5 months from parturition. Because observers could be certain that a female had conceived only once she had given birth or the products of a miscarriage were found (the chances of which were slim), rates of conception and fetal death could not be calculated. Therefore, the interbirth intervals presented could in some cases have included more than one conception.
Nutritional independence. In a discussion of suckling, it is relevant to know the age at which infants become nutritionally independent. Mountain gorillas feed on relatively few plant species, but most foods involve some sort of preparation such as stripping leaves or removing outer stems (Fossey & Harcourt, 1977; Watts, 1984) . During their first year, infants ingest substantial amounts of plant material, but food preparation does not become common until after 12 months (Fossey, 1979) . By 18-24 months, infants are probably nutritionally independent from their mothers. At this age, they spend about 25% of their time feeding, in contrast to 45-50% for subadults and adults (Harcourt & Stewart, 1984) . The youngest orphan observed in the study groups was estimated to be 14-20 months old (Fossey, 1979) .
Results

Interbirth intervals and lactational anoestrus
Gorillas are not seasonal breeders and the overriding importance of lactation to birth spacing was obvious when infants died: the median interval between surviving offspring was 3-85 years or 46 months (22 intervals; 12 females), but intervals when unweaned infants died were significantly shorter (Mann-Whitney, U = 0, < 0-002) with a median of 16-8 months (9 intervals; 6 females; this includes cases of infant survival up to 18 months). The median interval between the death of an infant and the birth of the next was 12 months (N = 9 intervals; 6 females). Subtracting 8-5 months for gestation (Ardito, 1976) gives a median period of 3-5 months from the complete cessation of suckling to next conception.
For 8 females for which there are data, the median interval from parturition to first observed post-partum oestrus was 3 years or 36 months (range = 2-2-3-9 years). This agrees well with the duration of lactational anoestrus that was calculated using the median interbirth interval. Thus, subtracting 8-5 months for gestation plus 3-5 months for conception from the median birth interval of 46 months gives a median duration of 34 months for lactational anoestrus.
Duration of lactational anoestrus and subsequent reproduction
An early return of post-partum sexual cycling does not necessarily mean more rapid repro¬ duction (Altmann et al, 1978 (Fig. la) . In contrast, the duration of individual suckling bouts changed very little during maturation, averaging between 2-6 and 3-2 min (Fig. lb) . The mean duration of suckling bouts for 8 infants of less than 6 months was very similar, at 3 min for the median infant.
Suckling and reproductive state of mother Table 1 shows the relation between the frequency of suckling and mothers' reproductive state for offspring of similar ages. Because there were insufficient data per month from 1974 and 1977, only data from 1981-1983 were used in the analysis. The observations on each infant were divided into 4-month blocks with not less than 10 focal samples per block, and a mean suckling frequency for each age block was calculated. The data were then separated according to whether or not the mother had cycled (been observed to copulate) during that time period. For one female which was not observed in oestrus before she conceived, the time of first post-partum oestrus was estimated by counting back 3-5 months from her conception date (see above).
Considering only those age groups that included mothers in both reproductive states (i.e. > 24-^10 months) the results indicate that, for similarly-aged infants, suckling frequencies tended to be lower if mothers were cycling than if they were not. The data suggest that suckling frequencies at or below about 0-5 bouts/h were associated with a mother's return to sexual cycling.
Suckling after the first month or so of pregnancy was rare. Of 7 offspring for which there are data, the median animal was never observed to be suckled beyond 1 month after its mother conceived (range = 0-4 months).
Discussion
The results from wild gorillas support the idea that the frequency of suckling is an important factor in lactational anovulation, which itself is a major determinant of birth spacing. Firstly, the fre¬ quency of suckling bouts declined as infants matured, whereas the duration of bouts remained fairly constant throughout the period of lactation. Secondly, for infants of a given age, relatively low suckling frequencies were associated with mothers that had resumed sexual cycling, whereas higher frequencies were associated with mothers that were still anoestrous. The results suggest that there may be a critical frequency of around one bout every 2 h, above which lactational anovula¬ tion is maintained and below which mothers are more likely to resume sexual cycling. Although these data do not prove a causal link between the frequency of suckling and post-partum anovula¬ tion, they support results from studies of humans in which changes in suckling activity were directly related to changes in maternal hormone concentrations (see 'Introduction').
Some of the data from gorillas are remarkably similar to those obtained from work in tra¬ ditional human societies that use neither contraception nor supplementary feeding. For example, among the Gainj of Papua New Guinea, suckling episodes occurred about twice an hour in very young infants and declined to once per hour in 3-year-olds, while the duration of suckling bouts averaged 3-3 min per bout throughout the breast-feeding period. Prolactin concentrations in the mother declined in exact parallel with suckling frequency during maturation (Wood et al, 1985) . The data from other primates on suckling frequencies are sparse, but those available show that, as for gorillas and humans, the frequency of suckling bouts declines as infants mature, while the duration of bouts changes little (wild chimpanzees, Pan trogolodytes: Clark, 1977 ; wild baboons, Papio anubis: Nicolson, 1987) . In addition, a relation between suckling activity and subsequent reproduction was shown in a study of olive baboons (Papio anubis) in which relatively frequent daily suckling was correlated with a relatively long period of post-partum anoestrus (Nicolson, 1987) . In non-primates too, even in a highly seasonal mammal like the red deer, the frequency of suckling has been related to a mother's likelihood of conceiving in the next breeding season (Loudon et al, 1983) .
There were too few data on gorillas to consider the causes of variation in suckling frequencies among females with infants of similar ages. In other primates, female reproduction appears to be influenced by a variety of factors that might operate through their effects on suckling frequency. These factors include age, parity, and dominance rank of the mother (Altmann, 1980; Harcourt, 1987; Nicolson, 1987) , sex of the infant (Simpson et al, 1981) , and, as in humans (see 'Intro¬ duction'), food availability or nutritional state (Sugiyama & Ohsawa, 1982; Whitten, 1983; Lee, 1987) . Suckling activity may be altered through effects on the infants' behaviour (e.g. suckling demands), or mothers' behaviour (e.g. restricting access to her nipples) or both. For example, in vervet monkeys, mothers living in a rich habitat with abundant food conceived sooner than did those in a poorer area. This was related to the relatively early age at which the better nourished mothers began weaning their infants, and a subsequent early return to sexual cycling (Lee, 1987) .
Clearly more studies are needed to understand fully not only the mechanism of lactational anovulation but also the ways in which mothers and infants interact to produce a given level of suckling, and the various life history, social and ecological factors that might affect this. These issues are relevant to questions concerned with variation in female fertility, including theoretical issues such as the evolution of parental investment strategies (Trivers, 1972; Clutton-Brock et al, 1982) . Especially useful would be work on various species that, like the human studies, measured suckling while monitoring maternal hormone concentrations (e.g. Short, 1984) . In most species, the relationship between suckling activity and reproduction has not been investigated in any detail. Since in humans an understanding of lactation's contraceptive effects has contributed to studies of nutrition, demography, and reproduction (e.g. Knodel, 1977; Lunn, 1985) , complementary work on other species is needed.
